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Let’s Take a Hike in
Catoctin Mountain Park
How many Calories will you burn off hiking a five-mile loop trail?
Core Quantitative Literacy Topics
Slope; contour maps
Core Geoscience Subject
Topographic maps
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Supporting Quantitative Literacy Topics
Unit Conversions
Arctangent, radians
Reading Graphs
Ratios and Proportions
Percent increase
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Getting started
After completing this module you should be able to:

You should also know
where Catoctin
Mountain Park is

•

use Excel spreadsheet to make your calculations.

•

use the Excel spreadsheet to determine the grade
of your hike over chosen sections.

•

use the results found from the spreadsheet to find
your energy expenditure rate using a graph.

•

use the results from the graph and your Excel
spreadsheet to determine your Calorie expenditure.

•

determine how many Big Macs you burned on your
hike.

Maryland

2

The setting – Catochtin Mountain Park
Catoctin Mountain Park lies in the Appalachian Mountains, which extend from Georgia into southeastern Canada. The
Appalachian Mountains are divided into physiographic provinces that are distinguished by geological differences such as
age or structure. Catoctin Mountain Park lies in the Blue Ridge Province of the southern and middle Appalachians. The
Blue Ridge contains the highest mountains found in eastern North America (e.g., Mount Mitchell, NC, 2037 m) and
contain rocks over a billion years old. For more information about the geology, see Appalachian Geologic Provinces.
The geologic story of Catoctin Mountain Park includes all three basic types of rock: igneous rocks formed from ancient
volcanic activity once present in the area; sedimentary rocks formed by erosion of older rocks and deposition of the
resulting sedimentary debris; and metamorphic rocks formed during the mountain building events that created the
Appalachians Mountains. When metamorphism occurred, the igneous and sedimentary rocks were metamorphosed into
new rocks that are now exposed in the deeply eroded mountains. These metamorphic rocks resist the weathering and
erosion and form the rough jagged outcroppings seen in the park.
Greenstone is found in the park and is a product of metamorphosed basalt. The greenstone found in the park is prevalent
throughout the neighboring regions. Throughout the area, it is called the Catoctin Greenstone, after its type locality at
Catoctin. Also, one can find metamorphosed sandstone, called quartzite. The quartzite found in Catoctin is named the
Weverton Quartzite for the nearby city of Weverton. For more information, see Catoctin Mountain Park Geology .
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http://www.mgs.md.gov/esic/brochures/mdgeology.html
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Problem
How Do You Calculate How Many Calories You Burn off on a Hike?
The amount of energy (calories) you expend on a hike depends on the grade (slope) of the
trail, the rate at which you hike it, and your own weight (including what you are carrying). This
module takes you on a hike at Catoctin Mountain Park and walks you through some
calculations to determine how many calories you would burn off.
While visiting Washington DC, you and a friend went on a hike through the woodlands at
Catoctin Mountain Park in nearby Maryland. Before you went you stopped by McDonald’s and
grabbed two Big Mac burgers. You immediately regretted eating the two Big Macs and told
yourself that when you got back from your hike you would calculate how many calories you
burned off. When you arrived at the park, you grabbed a trail map and a topographic map of the
area to help in your future calculations.
How Many Big Macs Did You Burn On Your Hike?
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Background
Using a Topographic Map
You will be asked to use a topographic map in this module. Here are some quick pointers:
• All the points along any given contour line are at the same elevation.
• The contour interval, which is stated on the map, indicates the difference in elevation
between successive contours.
• Elevations are given only on certain contour lines, called index contours. You use the
contour interval to determine the elevation represented by any given line that lies between
index contours.
• The United States Geological Survey (USGS) makes and distributes topographic maps
for the United States. For more information, see http://topomaps.usgs.gov/ .

Contour Interval:
20 meters
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Your Hike
You chose to hike a loop trail starting at Cunningham Falls, traveling north to Blue Ridge
Overlook, south down to the Visitor Center and then back to Cunningham Falls. You asked the
ranger for information and advice about the hike. He suggested that since it is approximately a
5-mile hike, you should hike it at a rate of about 2 mph.
•Topographic Map of Catoctin Mountain Park

Start
and
Finish

•Catoctin Mountain Park Website

Note: The scale on the topographic map
changes as you zoom in or zoom out.
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Find the Elevations and Distances
To determine how many calories (and Big Macs) you burned on your hike, you subdivide the trail into a
succession of trail segments and find the grade or slope along each of them. It is convenient to start and end
the segments where your trail crosses a contour on the map. The slope is simply the ratio of the difference in
elevation between the points to the horizontal distance between the points. You use the contours to
determine the elevation (E, in meters) of each of the points. You use the length of the trail segment on the
map together with the map scale to determine the horizontal distances (Δs) between the points. The
spreadsheet shows your data for eight segments composing your loop trail.
P4

P5

P3

Start
and
Finish

P2
P1
P7

P6

Click on the Excel worksheet to the left and save immediately to your
computer. Complete the spreadsheets at each of the tabs starting with
“Slides 7-15.” Yellow cells contain given values, and orange cells contain
formulas. The spreadsheet at the “EOM Answers” and “Advanced EOM
Answers” tabs are for your answers to the end-of-module questions and
advanced end-of-module questions, respectively.
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Calculate the Slope

Now that you have your elevations and
distances along your sections, find the
differences of your elevations (∆E) between
your sections. (Note: You do not need to
calculate the differences of your distances,
as you measured your distances from point
to point.)

Even though the ranger told you that the
hike should be 5 miles, the sum of your
distances is closer to 6,600 m (4.1 miles)
(see Excel spreadsheet on Slide 7). You
note that you measured straight-line
distances on your map, and so you
conclude that you are not accounting for
curves in the trail. You can take a survey
tape and try to measure the distances more
accurately, but you don’t have this
equipment. So you use math: you note that
5.0 miles is 22% larger than 4.1 miles (do
you agree?), and increase each one of your
horizontal distances by the same
percentage.
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Calculate the Slope (cont’d)
Now that you have calculated your horizontal and vertical distances, you can calculate the
slope along each trail segment by dividing the vertical distance (ΔE) by the horizontal distance
(Δs). Then, since hiking trail guides tend to give slopes (fractions) as grades (percent) you
convert all of your slopes into grades by multiplying by 100.
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Calculate the Degree
To calculate the angle of your slope, you
use the arctangent function in Excel. To
learn more about arctangents click here:
End Note 1.

The angles produced from by the Excel
arctangent function are in radians, so you convert
the radians (Column H) to degrees (Column I).
Click here for information on radians: End Note 2.

You may notice that there are negative slopes and therefore
negative angles. Some studies have shown that hiking down a
negative slope burns calories at the same rate as walking on a
level surface (i.e., 0% grade). Excel has a logic function (IF) which
allows one to write a formula to replace the negative angles with
zeroes, but for now manually insert appropriate zeros in Column J.
Click here for more information on IF function: Excel Tutorial.

The formula used in
Cell H3 is:
=ATAN(F3)
Cell I3 is:
=DEGREES(H3)
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Energy Expenditure Rate

You find in the literature a graph which
shows energy expenditure rate (y-axis) vs.
hiking rate (x-axis) for various slopes (the
separate lines on the graph). You can use
this figure to determine the energy
expenditure rate (cal/kg/min) along each of
the trail segments and, from those values,
the amount of energy expended (calories
burned) in each segment. But, before you
can calculate calories you must convert
units for the two rates.
The rate in which you hiked is 2 mph
and your weight (which we assume
for this example) is 150 lbs. You need
to convert your hiking rate to m/min
and your weight into kg.

Back to Slide 13
Used with permission: Bobbert, A.C. Energy
Expenditure in Level and Grade Walking. Journal of
Appl. Physiol. 15(6): 1015-1021, 1960.
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Conversions
Modify your previous spreadsheet to show your knowns and their values when converted to the
necessary units.

Conversion factors:
•1 mile = 1,609 meters
•1 pound = 0.45359237 kilograms
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Reading off the Graph
From the graph on Slide 11, you enter the energy expenditure rates for each trail segment in
Column B of your spreadsheet. Continue building your spreadsheet by adding these values.
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Conversions Part 2
Now, you need to calculate the time you spent hiking each segment and your calorie
expenditure in each segment. Also, sum up your calorie expenditures to determine the total
calories you burned on the whole hike.
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Converting to Big Macs
Now that you know the number of calories you burned off on your hike, you can calculate the
number of Big Macs that was. You research the Web and find that Big Macs are 560 Calories.

Remember that Calorie is a
kilocalorie so the 560 value you
found for a Big Mac is actually
560,000 calories.
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Conclusions
After doing all of your calculations you realize that you hiked 5 miles for two and a half hours
and only worked off 1 Big Mac. Next time you decide to grab a salad before you go on a hike!

Image from: http://www.nps.gov/cato
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End of Module
1. Modify your spreadsheet to calculate how many Subway Veggie Delight sandwiches you
burned off on your hike. 6-inch Veggie Delight sandwiches are 230 Calories.
2. You leave Catoctin Mountain Park and return to Washington D.C. to check out some tourist
spots. You decide that you would like to climb up the Washington Monument
(http://www.nps.gov/wamo/ ). There are 897 stairs. From research it has been said that a
person climbing up stairs burns 0.11 kcal a step and burns 0.05 kcal going down stairs.
How many Calories would you burn going up and down the Washington Monument?
3. You leave the Washington D.C. area and head to Great Smokey Mountain National Park
(http://www.nps.gov/grsm/index.htm). You decide that you would like to take the Ramsey
Cascades Trail. It is rated strenuous in difficulty, but you really want to see Ramsey
Cascades, a 100-foot-high waterfall. The trail is 4 miles long, 8 miles round trip, and you
should hike it in about 8 hours. On the next page is the Ramsey Cascades Trail and the
topographic map of the trail. The trail is broken into four segments (between the red stars).
Use the topographic map to find your change in elevations (zoomed in on Slides 19 and 20)
and use the map with the scale to find the segment distances from center point of the red
stars (on Slide 18). With this information calculate the slopes over each segment.
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End of Module (cont’d)
Slide 19

Slide 20

P2
P1
Start
Finish

P3

P4

Note: The
scale on
the
topographic
map
changes as
you zoom
in or zoom
out.

•Topographic Map of Great Smoky Mountain
National Park
•Trail Map of Great Smoky Mountain National Park
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Return to Slide 18

P2

P1
Start
Finish
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P3

P4

Return to Slide 18
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End of Module -- Advanced
1. Replace the manual step in Slide 10 with an automated one using a logic function.
2. On Slide 13, you read off of a graph to get your Energy Expenditure rate. This graph is
based on the following equation:
log Ew=1.4272 + (0.004591×v) + (0.024487×α) + (0.0002658×v×α)
where Ew is Energy Expenditure rate (cal/kg/min)
v is speed (m/min)
α is gradient (degrees)
Replace the yellow cells with orange cells containing the equation
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